Ebola Sequelae in Liberia T he 2014-2016 Ebola virus disease (EVD) epidemic in West Africa was unprecedented, with more than 11,000 deaths and more than 28,000 infections. Among the three countries with the highest number of cases and deaths (Sierra Leone, Liberia, and Guinea), 5852 survivors are registered. 1 Cross-sectional studies from this and previous Ebola outbreaks suggest that patients who survive EVD can have a myriad of health complications. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In addition, there is evidence that survivors may be the source of new infections because they can harbor and intermittently shed Ebola virus (EBOV) in semen, resulting in the infection of sex partners. [13] [14] [15] [16] To more reliably determine the long-term consequences of EVD, in June 2015 the Partnership for Research on Ebola Virus in Liberia (PREVAIL) launched a cohort study (PREVAIL III) involving survivors of EVD as well as their close contacts, who would serve as controls, with 5 years of planned follow-up. Here, we compare the prevalence of symptoms and abnormal findings among survivors and controls at study entry and at 6-and 12-month follow-up examinations and report the incidence of new findings for these groups during the first year of follow-up. We also report findings regarding the persistence of EBOV RNA in semen in a subset of survivors.
Me thods

Study Design
We designed and implemented the study through a partnership between the Ministry of Health in Liberia and the National Institute of Allergy and Infectious Diseases (NIAID). The protocol, available with the full text of this article at NEJM.org, was approved by the National Research Ethics Board of Liberia and the NIAID Institutional Review Board at the National Institutes of Health. Written informed consent (or assent) was obtained from all participants. The members of the writing group, who were responsible for the study design, the collection and analysis of the data, and the preparation and submission of the manuscript for publication, vouch for the accuracy and completeness of the data and for the fidelity of the study to the protocol.
Participants
Survivors of EVD of any age who were in the registry of the Ministry of Health in Liberia, which documented that they had a diagnosis of EVD and had been treated at an Ebola treatment unit, were enrolled at three sites. At the time of enrollment, survivors identified up to nine close contacts (up to five nonsexual contacts and four sexual contacts) who lived with them at the time of diagnosis or after recovery or were sex partners after their discharge from the Ebola treatment unit. These contacts were invited to participate in the study as close-contact controls solely on the basis of their exposure to a survivor. Close contacts with no history of EVD were enrolled without regard for their current health status and did not need to be among the nine contacts identified by the survivor. Close contacts were not age-or sex-matched to survivors.
Baseline and Follow-up Examinations
Survivors and close contacts underwent the same medical examinations at study entry and every 6 months during follow-up (see Section 1.1 in the Supplementary Appendix, available at NEJM.org). The baseline and follow-up examinations included past, interim, and current medical history, a checklist regarding symptoms the patient was having at the time of examination (the questionnaires are provided in the Supplementary Appendix), a physical examination, and collection of blood for the determination of anti-EBOV antibody levels, routine chemical analyses, and hematologic assessment. Detailed eye examinations were conducted by an ophthalmologist in an ophthalmology clinic at the JFK Medical Center in a subset of 564 survivors and 635 close contacts who enrolled at the JFK Medical Center site (see Section 1.3 in the Supplementary Appendix).
Measurement of Serum Antibody and Semen Viral RNA
Levels of IgG antibody against the EBOV surface glycoprotein in serum samples collected from survivors and close contacts at the baseline examination were measured with the use the Filovirus Animal Nonclinical Group assay at the Liberian Institute for Biomedical Research, as previously described. 17 A level of 548 enzyme-linked immunosorbent assay units (EU) per milliliter was used as the cutoff for positivity. To characterize the diagnostic performance of this cutoff value, we constructed a receiver operating characteristic curve using presumed EBOV antibody-negative and EBOV antibody-positive specimens. When
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T h e ne w e ngl a nd jou r na l o f m e dicine 548 EU per milliliter was used as the cutoff, the sensitivity was 94.4% and the specificity was 96.7% (see Section 1.2 in the Supplementary Appendix). Semen testing for EBOV RNA with the use of the modified GeneXpert Ebola reversetranscriptase polymerase chain reaction (RT-PCR) was performed as previously described.
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Statistical Analysis
Differences in the prevalence of symptoms and abnormal findings between survivors and close contacts at study entry were determined with generalized estimating equations to account for the relationships between survivors and close contacts. To reduce the risk of a type I error, the analyses described in this report were largely focused on symptoms and physical examination findings that were evaluated in both sexes at study entry for which the P value for the difference between survivors and close contacts was less than 0.0001. For symptoms, we also required the difference in prevalence to exceed 10 percentage points. We refer to these symptoms and abnormal findings as targeted conditions. For these targeted conditions, the relative differences in the prevalence of symptoms and abnormal findings at each examination (at baseline and at 6 and 12 months) are summarized with odds ratios (survivors vs. close contacts) that have been adjusted for age, sex, site, and relationship between survivors and close contacts. The incidences of targeted conditions during follow-up (number of participants and rate per 1000 person-years) among survivors and close contacts are also reported with similarly adjusted odds ratios and 95% confidence intervals.
In addition to these summaries of the examinations in all participants, the differences between survivors and close contacts with regard to uveitis, cataracts, and visual acuity based on an ophthalmologic examination at baseline and at 12 months, as well as the decrease in the frequency of positive tests for EBOV RNA in semen after the acute illness, were examined (with the use of the strict significance criteria used for the targeted conditions) in subsets of participants. Although strict criteria (P<0.0001) were used for the determination of significance in comparisons of the prevalence of symptoms and physical examination findings, ophthalmologic findings, and EBOV positivity in semen, the criterion for significance in all other analyses (described in detail in Section 1.5 in the Supplementary Appendix) was a P value of less than 0.01.
Supplementing these preplanned analyses, other, more exploratory associations, such as those between uveitis and the detection of viral RNA in semen, were examined. The exploratory analyses should be interpreted with caution, because they were not adjusted for type I error.
All Antibody-positive EVD survivors and antibodynegative close contacts make up the analysis cohort for this study. These groups are referred to as survivors and controls, respectively, when comparisons are made between these two groups.
Antibody-Negative Survivors and AntibodyPositive Contacts
There were 142 survivors reported by the Ministry of Health who had Ebola antibody levels below 548 EU per milliliter (median antibody level, 98 EU per milliliter) (Fig. 1 ). Antibody-negative survivors were less likely than antibody-positive survivors to have a positive EBOV RT-PCR result reported during their acute illness (31% vs. 76%, P<0.001).
Among the 300 close contacts with EBOV antibody levels of at least 548 EU per milliliter, the median antibody level was significantly lower than that among the antibody-positive survivors (3979 EU per milliliter vs. 19,242 EU per milli-Ebola Sequelae in Liberia * EU denotes enzyme-linked immunosorbent assay units, HIV human immunodeficiency virus, IQR interquartile range, and NA not applicable. † Age, body-mass index, and frequency of pregnancy differed significantly between survivors and contacts (P<0.01). ‡ Body-mass index is the weight in kilograms divided by the square of the height in meters.
T h e ne w e ngl a nd jou r na l o f m e dicine liter, P<0.001). Among the antibody-positive close contacts, 47% reported having symptoms consistent with EVD within 3 weeks after their linked survivor's acute illness, and most symptoms were reported with at least twice the frequency among the antibody-positive close contacts than among the antibody-negative close contacts (Table S1 in the Supplementary Appendix). In the antibody-negative close-contact group, 31% of participants recalled symptoms suggestive of EVD within a 3-week period after their linked survivor's acute illness (P<0.001 for the difference) (Table S1 in the Supplementary Appendix).
Antibody-Positive Survivors and AntibodyNegative Contacts (Controls)
Both survivors and controls reported a wide range of symptoms. A complete list of the symptoms reported by survivors and controls is provided in Tables S4 and S5 in the Supplementary Appendix. Table 2 (see Section 2.5 in the Supplementary Appendix).
Objective abnormalities on physical examination were less common than reported symptoms. Survivors had significantly (P<0.0001) higher percentages of abnormal findings on abdominal, chest, neurologic, muscle, and joint examination than did controls ( Table 2, and Table S8 in the Supplementary Appendix).
Only a small percentage of survivors had physical findings suggestive of inflammatory arthritis or myositis, with the most common abnormal musculoskeletal findings being muscle tenderness (4.1% of survivors and 0.9% of controls), decreased joint range of motion (2.7% and 1.4%), and joint swelling (0.8% and 0.5%). The prevalence of muscle tenderness on examination was significantly higher among survivors than among controls (odds ratio, 4.35; 95% confidence interval [CI], 2.58 to 7.34; P<0.001), whereas joint swelling (odds ratio, 1.46; 95% CI, 0.58 to 3.65; P = 0.42) and decreased range of motion (odds ratio, 1.75; 95% CI, 1.04 to 2.93; P = 0.04) did not meet the criteria for significance imposed in this study. The most common abnormalities found on neurologic examination among survivors and controls were abnormal reflexes (1.4% and 0.7%, respectively), tremor (0.9% and 0.2%), gait or balance abnormalities (0.7% and 0.9%), speech abnormalities (0.7% and 0.2%), and cranial nerve abnormalities (0.7% and 0.1%). On abdominal examination, the most common abnormal findings noted among survivors and controls were tenderness (5.6% and 3.7%, respectively), mass (2.4% and 2.0%), and distension (1.9% and 1.4%). The most common abnormal chest findings on examination among survivors and controls were irregular pulse (1.0% and 0.5%, respectively), decreased breath sounds (0.9% and 0.4%), and heart murmur (0.9% and 0.3%). A complete list of the frequencies of individual abnormal findings is provided in Table S8 in the Supplementary Appendix. Evaluations of renal, hepatic, and hematopoietic laboratory measurements did not reveal any clinically relevant differences between survivors and controls at baseline (Table  S9 in the Supplementary Appendix).
Clinical and Laboratory Findings at Follow-up Visits
The prevalence of all targeted symptoms decreased at the 6-and 12-month follow-up visits among both survivors and controls (Table 2) ; however, the odds ratio (survivor vs. control) increased over time for headache and decreased for muscle pain. To assess the rate at which targeted symptoms and findings developed after the baseline visit, data from the 6-and 12-month visits were Figure 1 (facing page) . Enrollment, Follow-up, and Antibody Measurements in the Study Population.
Panel A shows a flow diagram for the generation of the analysis cohort. Panel B shows a kernel-density plot of the distribution of log 10 antibody concentrations among the Ministry of Health-reported survivors and the survivor-reported close contacts. The black vertical line indicates the antibody concentration cutoff for determining Ebola virus seropositivity or seronegativity. EU denotes enzyme-linked immunosorbent assay units.
T h e ne w e ngl a nd jou r na l o f m e dicine 0.46 * All estimates are adjusted for age, sex, and relationship between contacts and survivors. † P value is for the interaction between follow-up visit and survivor status and indicates whether the odds ratio changed over time (P<0.01 was considered to indicate statistical significance). ‡ Only a subset of participants underwent eye examinations. For the evaluation of uveitis and cataracts, data were available at baseline for 564 survivors and 635 controls, and data were available at 12 months for 516 survivors and 586 controls. For the evaluation of visual acuity, data were available at baseline for 556 survivors and 611 controls, and data were available at 12 months for 514 survivors and 573 controls.
used to calculate the incidence of targeted symptoms and findings during the first year of follow-up. The incidence of new urinary frequency symptoms and abnormal chest and abdominal findings did not differ significantly between survivors and controls. The incidence of the other targeted symptoms and findings (other than joint and muscle) was higher among survivors than among controls (Table 3) , although the overall prevalence decreased after baseline. Follow-up laboratory evaluations did not reveal any emerging differences between survivors and controls (Table S9 in the Supplementary Appendix).
Ophthalmologic Findings
For participants in the longitudinal eye cohort, no significant differences in corrected visual acuity or age-adjusted prevalence of cataracts were noted between survivors and controls either at baseline or at the 12-month visit ( Table 2) the prevalence of moderate-to-severe visual impairment did not differ significantly between survivors and controls at baseline or at the 12-month follow-up visit (Table 2) . At baseline, 149 survivors (26.4%) had evidence of uveitis in at least one eye on ophthalmologic examination, as compared with 77 controls (12.1%) (P<0.0001). Among these participants, 30 survivors (5.3%) and 13 controls (2.0%) had active uveitis (P = 0.003). The prevalence of uveitis increased among both survivors and controls between baseline and the 12-month follow-up visit ( Table 2 ). The incidence of new uveitis was significantly higher among survivors than among controls (Table 3) .
Analysis of Semen for EBOV RNA
A total of 267 antibody-positive male survivors (median age, 33 years; interquartile range, 26 to 41) provided 2416 semen samples with which an EBOV RNA determination was successfully conducted (see Section 1.4 in the Supplementary Appendix). Viral RNA was detected in one or more semen samples in 81 men (30%) ( T h e ne w e ngl a nd jou r na l o f m e dicine in the Supplementary Appendix). Among the 252 men who provided more than one semen sample, detection of viral RNA in semen was intermittent in 78 (31%), with 36 men having two negative tests followed by a positive test at least once. The time from acute EVD illness to first semen sampling ranged from 233 to 1178 days (median, 551 days [19 months]). A significant (P<0.0001) decline in the frequency of positive results over time was observed (Fig. 2) . To date, the longest time from acute EVD illness to the detection of viral RNA in a semen sample is 40 months. We found no correlation between the persistence of viral RNA in semen and the symptoms shown in Table 2 (see Section 2.6 in the Supplementary Appendix). There was a positive association between the presence of uveitis and the detection of viral RNA in at least one semen sample (odds ratio, 2.62; 95% CI, 1.32 to 5.22).
Discussion
Unlike other studies in which symptoms and conditions in the survivors of the West African Ebola outbreak have been described, 3,5-7,9-11 our study was designed with a control group made up of participants who did not have EVD and who shared environmental exposures similar to those of the survivors. For our primary aim of estimating the difference in prevalence and incidence of symptoms and physical findings between survivors and controls, we were able to compare survivors who had serologic evidence of previous EBOV infection with survivor-reported close contacts who did not have serologic evidence of past infection, in order to minimize the potential effect of the uncertainty of the clinical and laboratory EVD diagnosis.
For survivors and controls, abnormal findings identified on general physical examination and laboratory evaluation were much less frequent than reported symptoms. The constellation of subjective symptoms that were reported more frequently by survivors was similar to what has been described in a number of non-EVD illnesses, including post-traumatic stress disorder (PTSD) in combat veterans 20 and postinfection syndromes described after resolution of certain viral and nonviral infections. [21] [22] [23] [24] The pathogenesis of the symptoms reported by survivors of EVD is unclear and requires further study.
During the first year of follow-up, the prevalence of targeted conditions declined in both groups, and no new symptoms or findings emerged that met our criteria for targeted conditions. Several possible factors that are likely to have contributed to this decline include regression toward the mean, resolution of PTSD over time, 25 interaction with a health care system, and resolution of tissue damage sustained during the acute EVD.
The 26% prevalence of uveitis is consistent with what has been reported in three previous studies of the West African outbreak. 5, 10, 11 Our study differed in that we found a 12% prevalence of uveitis at baseline among controls and an increase in the prevalence of uveitis over time in both groups. The unexpectedly high incidence of uveitis in the control group highlights the importance of including population controls in Data points represent model-based estimates of the probability of testing positive for individual samples; vertical bars represent 95% confidence intervals for the probability of a sample being positive, based on samples grouped into 25-day bins; and the piecewise linear black curve shows the sample proportions in these bins. The red curve represents a model-based population trend for the probability of a sample testing positive for Ebola virus RNA. Days since Infection a geographic region in which non-Ebola causes of uveitis are present 26 and suggests that some cases of uveitis identified in EVD survivors may have been due to other diseases.
We found prolonged shedding of viral RNA in semen, a finding consistent with observations in other studies. 15 However, our findings suggest that shedding of EBOV RNA in semen may be more frequent, intermittent, and persistent than previously reported. 27 The semen testing protocol that we used did not stipulate discontinuation of testing after two negative results. Thus, we were able to show that shedding of viral RNA was frequently intermittent, with more than 30 men having two consecutive negative tests followed by one or more positive PCR tests for EBOV RNA. This finding suggests that current guidelines recommending discontinuation of semen testing in survivors after two negative results 28 may need to be reevaluated.
We found a positive correlation between viral persistence in semen and detection of uveitis on baseline ophthalmologic examination. A previous study showed that a higher virus load during acute EVD was associated with the development of uveitis. 5 This suggests that a high virus load during the acute illness may also be associated with persistence of EBOV RNA in semen. We are unable to directly address this hypothesis in our study because we have incomplete data on EBOV load at the time of acute illness. The biologic significance of the persistence of EBOV RNA in semen remains unclear. Transmission of Ebola infection through semen has been implicated in a small number of cases.
14 However, the presence of viral RNA in semen does not necessarily indicate the presence of infectious virus. 16 Our study had some limitations. Functional disability associated with the reported symptoms was not assessed; thus, we cannot define how these symptoms affected the lives of participants. General medical providers performed the physical examinations (with the exception of the ophthalmologic examination), and the examiners were aware of whether the participant was a survivor or a close contact. To partially address this limitation, we have initiated a neurology substudy within the PREVAIL III cohort to better evaluate possible neurologic sequelae. The lack of records from Ebola treatment units documenting the clinical manifestations during acute EVD prevents evaluation of associations between the severity of the acute illness and outcomes during convalescence. Close contacts were largely identified by survivors. This may have led to some bias in the identification of contacts with medical problems who hoped to benefit from the medical evaluations that were performed as part of the study. Finally, although we focused on targeted conditions and used strict criteria, many tests of significance were performed, including exploratory analyses, which increases the risk of type I error.
In summary, observations of survivors of EVD and close-contact controls in Liberia provided insights into the nature and severity of medical conditions specific to survivors of acute EVD. A relatively high burden of symptoms was seen in both survivors and close contacts, which emphasizes the importance of evaluating a control population.
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